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(54) Title: BALLISTIC APPARATUS 



(57) Abstract - 

Apparatus fon particularly, penetrating living cells with 
genetic material by bombarding the cells with DNA coated mic- 
roprojectiles comprises a gas pressurizable reservoir (1) connect- 
ed to a nozzle (N) which leads to a target chamber (10) contain- 
ing a target station (28). A membrane seals the upper end of the 
nozzle from the reservoir and microparticles are supponed on the 
upstream side of the membrane. Upon increase in the gas pres- 
sure in* the reservoir, the membrane ruptures and the particles are 
projected at supersonic speeds through the nozzle (N). into the 
chamber (10), and bombard a target at the station (28). Target 
disturbance is minimised by a flow expander plate (17) and an 
obstruction (29). 
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BALLISTJg APPARATUS 

This invention relates to apparatus for propelling 
microparticles at high velocity towards a target. More 
5 specifically the invention relates to improvements in the 
high velocity delivery of particles to a target of living 
cellular material for the purpose of penetrating the cells 
with the particles in order to transform the cells with an 
exogenous gene sequence introduced via an aperture created 

10 by the particles on impact. 

A method is known whereby living cells may be 
genetically transformed by delivering a particle, typically 
of a dense material such as tungsten or gold, into the cell 
in culture. A foreign gene may be loosely adhered to the 

15 particle so that it is carried into the cell as the 
particle penetrates. Alternatively, the foreign gene may 
be added to the culture which is then bombarded with 
untreated particles. The foreign gene then enters the cell 
by diffusion through the aperture created on impact of the 

20 particle. 

In such microballistic methods, the ability of the 
particles to penetrate the cell membrane or cell walls is 
dependent upon the velocity and density of the particles. 
The density of the materials commonly used, tungsten and. 

25 gold, cannot easily be increased as these represent the 
densest available materials which are readily available in 
the very fine particle size which is necessary, around 1 to 
2 urn. The usually supersonic velocity at which the 
particles are propelled is, in practical terms, the 

3 0 limiting factor. The two known methods employ either an 
explosive charge or an explosively volatilised liquid 
droplet to provide the propulsive force. Both of these do 
have" disadvantages, one of which is poor distribution of 
the particles over the target cell culture area and 

35 frequent destruction of the culture in a generally central 
region of the impact. Blast effects also tend to disperse 
the culture. 
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According to a first aspect of the present invention, 
an apparatus for the high velocity propulsion of 
microparticles comprises an elongate tubular device, a 
pressurizable gas reservoir connected to one end of the 
5 device, means between the device ends, for holding 
particles to be propelled, a target station adjacent to the 
other end of the device and a mexabfane located between the 
device ends, the membrane being rupturable on application 
of a predetermined pressure of gas from the reservoir • 
10 Preferably the tubular device includes a 

convergent/ divergent nozzle interposed between the membrane 
and the target station- The design of the nozzle is 
intended to accelerate expanding gas and the divergent 
taper in the nozzle improves the flow characteristics to 
15 laminar conditions. 

The means for holding the microparticles, which may be 
metal particles or water droplets possibly frozen during 
projection or flight to increase target penetration, could 
involve immobilising them, e.g. electrostatically on or 
2 0 upstream of a rupturable membrane, which is ruptured when 
the gas flow commences, to release the particles into the 
gas stream. The rupturable diaphragm may be the same as 
the rupturable diaphragm which ruptures to initiate the gas 
flow from the reservoir chamber. Alternatively the 
25 particles could be injected into the gas stream through a 
hollow needle. This technique would be particularly 
appropriate for introducing an aerosol spray of an 
agueous/DNA solution. 

A section of the tubular device downstream of the 
30 membrane and containing the target station is preferably 
evacuable. The apparatus may include a target holder 
adjustable within the tubular device to decrease or 
increase the distance between the membrane and the target. 
A potential problem with this technique for bombarding 
- 35 e.g. living cells is that loosely adherent cells or other 
targets tend to be dislodged from the target station by the 
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gas flow which is deflected laterally by and over the 
target. 

According to a second aspect of the present invention, 
apparatus for high velocity propulsion of microparticles 
5 comprises a target station, a nozzle for directing a 
supersonic gas flow towards the target station, a source of 
high pressure gas coupled to the nozzle, means for 
introducing microparticles so that they are carried in the 
gas flow towards the target station, and an obstruction 
positioned in front of the target station for intercepting 
the approaching gas flow and producing a shock wave which 
deflects the gas flow substantially past the target 
station, whilst substantially not interfering with the 
trajectories of the microparticles towards the target 
station. This deflection of the gas flow greatly reduces 
cell or other target blow away from the target station. 

. This aspect is useful not only when the supersonic gas 
flow is produced by a rupturable membrane. Alternative 
high pressure gas sources could be an explosive charge or 
a reservoir which is pumped up and from which the gas is 
suddenly released by the sudden opening of a valve. 

The. obstruction may be a spike which projects axially 
from the target station towards the nozzle, and which 
causes a shock wave to form. This conical shock wave 
25 deflects the gas flow radially outwards and provides a 
conical dead-gas zone ahead of the target station, so that 
target disturbance is minimised. In round figures, release 
of air at a pressure of 5 bar in a reservoir chamber, 
through a suitable convergent-divergent nozzle into a 
30 target chamber held at a vacuum of 0.5 bar, can produce air 
velocities of twice the speed of sound (mach number of 2) , 
and the conical shock wave generated by this spike provides 
a conical dead-air zone of semi-angle about 17 «, which is 
sufficient to deflect the airflow past at least that part 
35 of a typical target on which e.g. the cells are 
immobilised. The cells or other target is/are thus 
substantially not disturbed by the airflow whereas, e.g. 
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tungsten, particles, having a density four orders of 
magnitude greater than that of air continue to fly with 
their trajectories not significantly changed, until they 
impact the target. 
5 As an alternative to a spike, the obstruction could 

take the form of a bar having a width smaller in comparison 
with the working area of the target, extending transversely 
across the centre of the gas flow, so that the airflow 
would be deflected as a wedge, rather than as a cone. The 
10 bar could be supported at its ends on the opposite sides of 
the chamber in which the target is positioned. 

Target disturbance can be further reduced by the 
provision, between the nozzle and the target station 
obstruction, of a flow expander in the form of a divergent, 
15 e.g. frusto-conical, orifice in a plate, which is 
preferably positioned in a target chamber. 

An example of an apparatus constructed in accordance 
with the present invention is illustrated in the 
accompanying drawings, in which: 
20 Figure 1 is a diagrammatic central vertical section 

through the apparatus; and. 

Figure 2 is an enlargement of part of Figure 1. 
The illustrated apparatus has a reservoir 1 for air 
under pressure. The reservoir can be pressurized, through 
25 a line 2 containing an oh/off needle valve 3 and a relief 
valve 4, to a pressure displayed by a gauge 5. An outlet 
at the bottom of the reservoir is sealed to the upper end 
of a tubular device made up of a stack of a module of two 
annular plates 6, a nozzle N having a convergent portion 7 
30 leading through a throat 8 to a divergent portion 9, and a 
target chamber 10 to an inlet 11 of which the lower end of 
the nozzle is sealed. 

The stack is aligned at the top by pins 12 passing 
through holes in a flange 13 at the top of the nozzle N, 
3 5 and in the plates 8 and into blind bores in the bottom wall 
of the reservoir around the outlet. Similarly the stack is 
aligned at the bottom by pins 14 passing through holes in 
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a flange 15 at the bottom of the nozzle into blind bores in 
the top wall of the chamber 10. The parts are sealed by O- 
rings interposed between the reservoir 1, plates 5 and 
flange 13, and between the flange 15 and chamber 10. The 
stack is cramped tight by a downward force, shown 
diagrammatically by the arrow CF, working against the 
reaction of a supporting surgace 16 for the chamber 10. 

The chamber 10 is generally cubic in shape and has a 
hinged perspex door for the insertion and removal at 
selected iieights in the chamber below the inlet 11 of a 
flow expander plate 17, a mesh-supporting frame 18 and a 
target station plate 19, the edges of which are slid into 
selected grooves in racks 20 mounted in the sidewalls of 
the chamber. The chamber can be evacuated through a line 
15 21 to a pressure displayed by a gauge 22, and can be 
refilled with air through a line 23 under the control of a 
valve 24, the line containing a filter 25. The chamber, 
after the door has been closed and sealed, can be evacuated 
to 0.9 bar vacuum in under one minute. The filter 25 is a 
20 0.2 Mm airfilter to prevent microbes from entering the 

sterile system. 

The flow expander plate 17 has a f rusto-conical flow 
expander orifice 26 of substantially 20« semi-angle, an 
inlet diameter of 10 mm, an exit diameter of 19 mm, and a 
25 length of substantially 10 mm. 

The frame 18 supports the edge of a fine mesh screen 

The target station plate 19 carries at its centre a 
target station 28 fitted centrally with an upstanding spike 
30 29 which is shown in more detail in figure 2. 

When the apparatus is prepared for use, a rupturable 
Mylar membrane is fitted between, and forms a preassembled 
module with, the two clamping plates 6, so as to extend 
across and seal the. outlet from the reservoir 1 to the 
35 nozzle N. Particles, such as tungsten particles are 
temporarily immobilised on the upstream face of the 
membrane and the module is inserted laterally between the 
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reservoir and the flange 13 whereupon the pins 12 are 
inserted and the stack is cramped up. A target to be 
bombarded is placed on the support 28, and the chamber 10 
is then sealed and evacuated to appropriate vacuum by a 
5 vacuum pump acting through the line 21. The pressure in 
the reservoir 1 is then raised, by opening the valve 3, and 
when the pressure in the reservoir has reached a threshold 
value, it ruptures the membrane and accelerates the 
tungsten particles to supersonic speeds through the nozzle 

10 N and into the chamber 10. The jet of entrained particles 
is aimed at the aperture 26. The flow of air diverges more 
than the stream of heavier particles and air flow passing 
through the aperture is deflected by up to 20® by expansion 
waves at the aperture inlet. Flow impacting the top 

15 surface of the flow iexpander plate is deflected radially 
outwards, through shock waves. The effect of this is 
further to accelerate the microparticles from, for example, 
a Mach number of 2.2 at the chamber inlet 11 to a Mach 
number of about 3.1 after passing through the aperture 26. 

2 0 These accelerated microparticles then bombard the target 

whilst the capacity of the airflow to dislodge the target 
has been reduced. The chamber 10 is opened after closing 
the valve 3 and opening the valve 24, and the target is 
recovered, whereafter the apparatus is set for the next 
25 cycle of operation. 

The spike 29 also contributes to the reduction in the 
disturbance of the target by the supersonic airflow in 
which the particles 30 are entrained. Thus, as shown 
diagrammatical ly in Figure 2, the supersonic airflow 31 

3 0 impinges on the tip of the spike and the conical shock wave 

3 2 generated by this spike provides a conical dead-air zone 
33 of semi-angle of about I?*', which is sufficient to lead 
deflected air 34 past at least the central portion of a 
target on the station 28 whilst the tungsten particles 3 0 
3 5 continue towards the centre of the target substantially 
undef lected. 
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The purpose of the mesh screen 27 is to break up any 
large conglomerates of tungsten particles. 

The illustrated apparatus is suitable for use in gene 
expression, in which case, for example, the tungsten 
5 microparticles might be coated with appropriate DNA, with 
a target consisting of maize cells immobilised by an 
alginate adhesive on a filter paper resting on the target 
station 28. The DNA coating may provide sufficient 
tackiness to cause the particles to adhere lightly to the 
10 membrane prior to rupture. 
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CLAIMS 



!• Apparatus for the high velocity propulsion of micro- 
particles, the apparatus comprising an elongate tubular 
5 device (6,N,10), a pressurizable gas reservoir (1) 
connected to one end of the device ^ means (6) between the 
device ends for holding particles to be propelled, a target 
station (28) adjacent to the other end of the device, and 
a membrane located between the device ends, the membrane 
10 being rupturable on application of a predetermined pressure 
of gas from the pressure reservoir. 

2. Apparatus according to claim 1, in which the means for 
holding the microparticles comprises a rupturable membrane 

15 which is arranged to be ruptured when the gas flow 
commences - 

3. Apparatus according to claim 1 or claim 2^ wherein the 
tubular device includes a convergent/divergent nozzle (N) 

2 0 interposed between the membrane and the target station 
(28) • . 

4. Apparatus according to claim 3, in which an 
obstruction (29) is positioned in front of the target 

25 station (28) for intercepting the approaching gas flow and 
producing a shock wave which deflects the gas flow 
substantially past the target station, whilst substantially 
not interfering with the trajectories of the microparticles 
(30) towards the target station, 

30 

5. Apparatus according to claim 4, in which the 
obstruction is a spike (29) which projects axially from the 
target station (28) towards the nozzle (N) . 

35 6. Apparatus according to claim 4 or claim 5, further 
comprising a flow expander in the form of a plate (17) with 
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a divergent orifice (26) interposed between the nozzle (N) 
and the obstruction (29) . 

7. Apparatus according to any one of claims 4 to 6, 
5 wherein the target station (28) , the obstruction (29) , and, 

when provided, the flow expander plate (17) , are located in 
a vacuum chamber (10) to which the nozzle is sealed. 

8. Apparatus for the high velocity propulsion of 
10 microparticles, the apparatus comprising a target station 

(28), a nozzle (N) for directing a supersonic gas flow 
towards the target station, a source (1) of high pressure 
gas coupled to the nozzle, means (8) for introducing 
microparticles so that they are carried in the gas flow 

15 towards the target station, and an obstruction (29) 
positioned in front of the target station for intercepting 
the approaching gas flow and producing a shock wave which 
deflects the gas flow substantially past the target 
station, whilst substantially not interfering with the 

20 trajectories of the microparticles (30) . 

9. Apparatus according to claim 8, in which the 
obstruction is a spike (29) which projects axially from the 
target station (28) towards the nozzle (N) . 

10. Apparatus according to claim 8 or claim 9, further 
comprising a flow expander in the form of a plate (17) with 
a divergent orifice (2 6) interposed between the nozzle (N) 
and the obstruction (29) . 

11. Apparatus according to any one of claims 8 to 10, 
wherein the target station (28), the obstruction (29), and, 
when provided, the flow expander plate (17) , are located in 
a vacuum chamber (10) to which the nozzle is sealed. 
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